. Possible models for the interaction of IL-8 monomers and dimers with the receptor. In models A and B, the dimeric and monomeric forms, respectively, of IL-8 bind to a two-chain receptor. In model C, a monomer binds to a single-chain receptor through the region corresponding to the dimer interface. In model D, a monomeric IL-8 binds to a single-chain receptor, and in model E, a single-chain receptor binds the dimeric IL-8, but only one of the subunits participates in binding.
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,... Fig. 6 . Possible models for the interaction of IL-8 monomers and dimers with the receptor. In models A and B, the dimeric and monomeric forms, respectively, of IL-8 bind to a two-chain receptor. In model C, a monomer binds to a single-chain receptor through the region corresponding to the dimer interface. In model D, a monomeric IL-8 binds to a single-chain receptor, and in model E, a single-chain receptor binds the dimeric IL-8, but only one of the subunits participates in binding.
The results with the L25NMe analog demonstrate that a monomeric form of IL-8 is sufficient for receptor binding and full in vitro biological activity, and allow us to discuss models for the productive interaction of IL-8 with its receptor (Fig. 6 ). Model A, where dimeric IL-8 is required to cross-link two receptor molecules, is ruled out by the monomeric analog. In model C, IL-8 binds as a monomer; however, the interactions that normally occur at the dimer interface now facilitate receptor binding. This is unlikely, as the L25NMe modification does not permit the necessary H bonding. Model E, in which dimeric IL-8 binds to a single chain receptor, is not ruled out by the data; but in terms of energy used, dimerization at biologically relevant concentrations may not be favored. Model B, where the monomeric ligand binds two receptor chains at two distinct sites, is similar to the situation observed for growth hormone (9 
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Fig. 1. Deduced amino acid sequence (14) of the human aquaporin-2 protein. The amino acids that are different in the rat aquaporin-2 (3) are shown below the human sequence. We isolated human structural and genomic DNAs for aquaporin-2 by screening kidney cDNA and cosmid libraries with a rat aquaporin-2 cDNA probe (9) . By fluorescent in situ hybridization on human lymphocyte chromosome spreads and Southern (DNA) blot analysis of human genomic DNA, the aquaporin-2 gene was assigned to chromosome 12 (10). The cDNA was sequenced (9) and the deduced amino acid sequence showed an 89.7% identity with the rat aquaporin-2 protein (Fig. 1) .
We used oligonucleotide primers based SCIENCE * VOL. 264 * 1 APRIL 1994 on the cDNA sequence to sequence the cosmid clone. Intron-exon boundaries of the aquaporin-2 gene were identified at identical locations in related genes encoding the human erythrocyte water channel aquaporin-1 (11) and the major intrinsic protein of human lens fibers, MIP (12). On the basis of the deduced flanking intron sequences, primers were designed to amplify the four aquaporin-2 exons from the patient's genomic DNA (13). We compared the sequence of those exons with the sequence derived from the cDNA, the cloned genomic sequence, and the genomic DNAs of two independent control individuals. We found one heterozygous point mutation in exon 3 and another heterozygous point mutation in exon 4 in the patient's DNA. The mutations were found on both strands sequenced, and both mutations caused nonconservative amino acid substitutions.
The C at position 559 was changed for T in exon 3, which resulted in a substitution of Cys for Arg187 (R187C) (14) . This change is in one of the two most strongly conserved regions of the MIP family (15) .
A series of three invariant amino acids in this region, Asn-Pro-Ala is located just proximal to the substituted arginine (Fig.   2.) . The 4 . This change is located in the sixth transmembrane domain (Fig. 2) . In the other members of the MIP family, either serine or short-chain aliphatic amino acids are found at this position. The introduction of a proline residue might distort the a-helical structure in this part of the transmembrane region.
Direct sequencing of fragments of the aquaporin-2 gene, amplified by the polymerase chain reaction from other family members, revealed that the R187C mutation was inherited from the father and the S216P mutation from the mother (Fig. 3) . We were able to confirm this latter segregation event by restriction mapping because the T to C transition at position 646 created an Apa I restriction enzyme site (Fig. 3) .
To investigate whether the mutations found in aquaporin-2 resulted in nonfunctional water channels, we cloned wildtype aquaporin-2 cDNA as well as both mutated aquaporin-2 cDNAs into an expression vector, and all three constructs were transcribed in vitro (16) . In vitro translation (17) showed that all three cRNAs produced a protein of the predicted size of 29 kD with equal efficiency (18). Injection of Xenopus oocytes with the cRNAs revealed that the mutant cRNAs failed to increase the osmotic water permeability, Pf, above that of the waterinjected controls, whereas the wild-type cRNA increased the Pf value 10-fold (Table 1). Co-injection of either of the mutant cRNAs with the wild-type cRNA had no effect on the activity of the wild-type aquaporin-2 (Table 1) . Thus, simultaneous expression of this nonfunctional aquaporin-2 had no functional consequence for the wild-type aquaporin-2, which is in keeping with the autosomal recessive inIntracellular Fig. 2 . Transmembrane orientation of the aquaporin-2 protein, based on the proposed topology of the rat homolog (3) and of the human aquaporin-1 protein (1). The two point mutations are indicated by arrows. The amino acid residues that are represented in the consensus sequence of the MIP family, which is conserved in at least 9 out of 17 analyzed members from bacteria, yeast, plants, and animals (15) , are indicated by filled symbols. Consensus sequences for potential N-linked glycosylation sites (two-pronged symbol) and phosphorylation sites for protein kinase A (Pa) and protein kinase C (PC) are indicated. heritance observed in the family (Fig. 3) kbp. An open reading frame of 813 bp was identified. Primers based on the cDNA sequence were used in direct sequencing of a cosmid containing the aquaporin-2 gene to identify the intron-exon boundaries. The genomic sequence is deposited in GenBank, accession number Z29491. The polymerase chain reaction (PCR) and cycle sequencing were done as described (5). 1-11`"`1.1``l' l' l' l' . : . . . . . . . . ---" 'I --' , .. NY, 1989) (2, 14) (Fig. 1) . In the same library screen, we also identified one other clone that is related but distinct from any of the above three genes and therefore named it Stat4. The complete sequences of Stat3, Stat4, and mouse Statl will appear elsewhere (14, 17) .
Glutathione-S-transferase (GST) fusion products containing either 40 amino acids (amino acids 688 to 727) from the COOHterminus or 158 amino acids (amino acids 2 to 159) from the NH2-terminus of Stat3 were produced in bacteria, partially purified, and injected into rabbits to raise antisera (anti-Stat3c or anti-Stat3n, respectively) (14) . From the A-431 or Hep-G2 cell extracts, the Stat3c antiserum precipitated predominantly a 92-kD protein and a less
